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1
EMBOLIC FILTER

BACKGROUND OF THE INVENTION

The present invention relates generally to the field of
percutaneous transluminal treatment of stenosed or nar-
rowed arteries in the human vascular system. More
particularly, the 1nvention 1s directed to an embolic filter for
capturing particles dislodged from a stenosis during an
interventional procedure performed to 1improve blood flow
through the stenosed artery.

Arteries can become stenotic in a number of ways. Often,
a stenosis or lesion forms due to an accumulation of ath-
erosclerotic plaque on the walls of a blood vessel. Athero-
sclerotic plaque can take many forms, one of which 1s a hard
calcified substance, particles of which tend to dislodge
during interventional procedures and embolize or flow freely
in the circulatory system. A stenosis may also form from an
accumulation of thrombus material which 1s typically softer
than atherosclerotic plaque, but can nonetheless cause
restricted blood flow 1n the lumen of a vessel. Like athero-
sclerotic plaque, thrombus material also tends to dislodge
during interventional procedures. As used here, the term
emboli refers to free flowing particulates whether composed
of plaque, thrombus, or another material. Such free flowing
embol1 are dangerous since they may become lodged 1n a
small blood vessel and occlude or partially occlude the
vessel.

Various approaches have been developed to treat a
stenotic lesion in the vasculature. Among the most common
are balloon angiloplasty and atherectomy. Balloon angio-
plasty 1s directed towards relieving the constriction in the
artery by radially expanding the stenosis against the artery
wall, while atherectomy attempts to remove the stenosis
from the artery.

In a typical balloon angioplasty procedure, a guiding
catheter 1s percutaneously introduced into the cardiovascular
system of a patient through the femoral arteries by means of
a conventional Seldinger technique and advanced within a
patient’s vascular system until the distal end of the guiding
catheter 1s positioned at a point proximal to the lesion site.
A guide wire and a dilatation catheter having a balloon on
the distal end are introduced through the guiding catheter
with the guide wire sliding within the dilatation catheter. The
ouide wire 1s first advanced out of the guiding catheter into
the patient’s vasculature and 1s directed across the arterial
lesion. The dilatation catheter 1s subsequently advanced over
the previously advanced guide wire until the dilatation
balloon 1s properly positioned across the lesion. Once in
position, the expandable balloon 1s inflated to a predeter-
mined size with a radiopaque liquid at relatively high
pressures to radially compress the atherosclerotic plaque of
the lesion against the inside of the artery wall and thereby
dilate the lumen of the artery. The balloon 1s then deflated to
a small profile so that the dilatation catheter may be with-
drawn from the patient’s vasculature and the blood tflow
resumed through the dilated artery. As should be appreciated
by those skilled in the art, while the above-described pro-
cedure 1s typical, 1t 1s not the only method used 1n angio-
plasty.

The procedure for atherectomy i1s similar to that of
balloon angioplasty in that a guiding catheter 1s 1ntroduced
into the patient’s vasculature through a conventional
Seldinger technique and a guide wire 1s typically advanced
through the guiding catheter and across an arterial lesion to
a point distal of the lesion. However, rather than expanding
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the lesion with a balloon, 1n atherectomy, a specialized
catheter containing rotating cutting blades 1s used to
mechanically cut or abrade the stenosis from the artery wall.

With both of the above procedures, the treated artery wall
suifers a degree of trauma and 1n a small percentage of cases
may abruptly collapse or may slowly narrow over a period
of time. To prevent either of these conditions, the treatment
procedure may be supplemented by implanting within the
arterial lumen a prosthetic device known as a stent. A stent

1s a small tubular metallic structure which 1s fitted over a
catheter balloon and expanded at the lesion site. Stents serve
to hold open a weakened blood vessel and prevent the blood
vessel from narrowing over time. Balloon angioplasty,
atherectomy, and stenting procedures have proven success-
ful and are widely used 1n the treatment of stenosis of the
coronary and peripheral arteries and have for many patients
rendered unnecessary invasive bypass surgery. However, all
of the above procedures tend to create embolic particles
which, 1n certain arteries, such as the carotid arteries, create
a risk of 1schemic stroke. For this reason, these beneficial
techniques are rarely used in treating the carotid arteries,
leaving 1nvasive endarterectomy surgery as the primary
treatment choice.

Embolic particles may be created during balloon angio-
plasty because stenoses are often formed from hard calcified
plaque which tends to crack upon radial expansion. Upon
cracking, emboli may be released 1nto a patient’s blood-
stream. Emboli may also be formed during a stent placement
procedure as the metal struts of the stent may cut into the
stenosis and shear off plaque or thrombus material. During
an atherectomy procedure, for example, a constant stream of
particles 1s cut from the stenosis which may not be totally
captured by the mechanical filters or suction devices used in
conjunction with this procedure. Thus, some particles are
not captured and flow downstream as embolic. Certain
locations 1n the patient’s vasculature can provide an even
oreater chance of creating friable plaque which can dislodge
and enter the patient’s bloodstream. For example, saphenous
veln grafts are of a special concern to the interventionalist.
Disease 1n these grafts 1s typically a very friable plaque that
can dislodge quite easily. For example, the mere act of
passing the interventional devices through these vessels can
dislodge embolic material which will be released into the
patient’s bloodstream. When a physician performs a proce-
dure 1n the saphenous vein, a filtering system which can
capture the friable plaque 1s greatly needed.

Numerous embolic filters or traps for deployment distal of
a lesion site have been proposed. The majority of these
devices use some form of woven wire mesh basket to
capture emboli, where the mesh 1s composed of square or
diamond shaped cells. A typical example of the wire mesh
basket type of intravascular filter 1s described 1in U.S. Pat.
No. 4,873,978, entitled “Device and Method for Emboli
Retrieval” 1ssued to Ginsburg. Ginsburg discloses a remov-
able vascular filter permanently attached to a guide wire for
deployment from a catheter. The filter 1s comprised of an
expandable wire mesh basket employing diamond shaped
cells. Upon deployment, the filter expands to contact the
walls of the lumen, thereby obstructing the vessel and
straining blood flowing through the lumen.

A variation of the wire mesh basket approach 1s described
i U.S. Pat. No. 5,152,777, entitled “Device and Method for
Providing Protection From Emboli and Preventing Occlu-
sion of Blood Vessels” 1ssued to Goldberg et al. This device
consists of a filter having a plurality of resilient, stainless
steel wire arms joined at one end so as to form a conical
surface, and having rounded tips at their other ends to
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prevent damage to the vessel walls. Each arm 1s wound with
wire 1n a form similar to a coil spring. Goldberg proposes
that embol1 entrained 1n blood flowing past the spring arms
will be caught in the coils of the arms.

Prior art wire mesh filters have several drawbacks. The
most significant of which 1s the relatively large cell size of
the mesh. Embolic particles with nominal diameters larger
than 150 microns pose a serious risk of occluding or partially
occluding fine vasculature. A very fine wire mesh basket
may have cells with openings about 3000—4000 microns on
a diagonal across the square or diamond shaped cell. Thus,
wire mesh filters may be unable to trap such small embolic
particles and may be unsuitable for use in the treatment of
lesions 1n the carotid arteries where emboli produced by an
interventional procedure have a short tlow path to the small
diameter vessels of the brain. Moreover, other drawbacks of
these types of filtering includes relatively high pressure
drop, which increases with finer mesh sizes. These devices
also have limited capacity as the fine pores can become
clogged relatively quickly.

What 1s needed 1s a reliable filtering device that may be
placed distal of an arterial lesion and used 1n conjunction
with balloon angioplasty, atherectomy, stenting, or other
interventional procedures. The device should be able to
reliably trap any embolic debris with a nominal diameter
larger than 150 microns and thereby render the above named
procedures safe for treating lesions in the carotid arteries.
Further, the device should be relatively easy to deploy and
remove from the patient’s vasculature. The present inven-
fion meets these and other needs.

SUMMARY OF THE INVENTION

The present invention provides an improved intravascular
filter for capturing embolic particles entrained in blood
flowing 1n an arterial vessel during an interventional proce-
dure. The filter 1s 1ntended to be used as a primary filtering
device 1 conjunction with interventional treatment proce-
dures such as balloon angioplasty and/or stenting. The filter
may also be used as a secondary filtering device 1n conjunc-
fion with a suction catheter in atherectomy and other steno-
sis removal procedures. The filter 1s capable of capturing
embolic particles at least as small as 150 microns in
diameter, thereby dramatically increasing the safety of bal-
loon angioplasty and stenting. As a result, balloon angio-
plasty and stenting may be more frequently used in the
carotid arteries where the risk of stroke from embolic
particles 1s exceptionally high.

The filter of the present invention includes a strut assem-
bly and a filtering medium. The strut assembly 1s compress-
ible to an 1nitial low profile delivery diameter and 1s expand-
able to a larger deployed diameter. The strut assembly 1s
composed of a plurality of struts which may be made, for
example, from spring steel or from a shape memory alloy.
More speciiically, the strut assembly includes an elongated
cylindrical center portion and conical end portions which are
shaped as truncated cones, terminating at proximal and
distal collars. Attached to the strut assembly 1s the filtering
medium which may be formed from either an open cell,
porous, bio-compatible polymer foam, or a felted polymer
fabric.

The filter element operates as a depth filter where embolic
particles are trapped within the pores of the filter medium.
Depth filters allow a high blood flow rate as well as fine
filtration by utilizing layered filter media. In one
embodiment, the filter element mncludes three media layers
of depth filter. The top layer serves to capture large particles
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while presenting minimal resistence to blood flow. The
second layer has a density greater than the first layer to
capture smaller embolic particles. The bottom layer has even
a greater density than the preceding layers to capture even
smaller embolic particles. The bottom layer captures very
fine embolic particles, however, due to 1ts thinness and the
fact that 1t receives blood substantially free of large embolic
particles, the bottom layer does not significantly impede
blood flow therethrough. Thus, the filter of the present
invention may capture extremely small diameter embolic

particles while still allowing a sufficient quantity of blood
flow to prevent ischemic. Moreover, the depth filter, which

relies on a “web” of media that has a certain density, creates
a filtration device which helps prevent the embolic particles
from being released from the filter as the filter 1s being
removed from the patient’s vasculature. This 1s due to the
fact that the particles become entrapped 1n this “web” of
media and become somewhat entangled 1n the filter. In an
embolic filtering device which utilizes, for example, a sheet
of filtering material, rather than a web, there 1s a chance that
the emboli can be “backwashed” into the patient’s blood-
stream as the {filter 1s being collapsed for withdrawal from
the body lumen. This scenario 1s actually detrimental to the
patient since emboli which should have been captured by the
filter are now released 1nto the bloodstream.

The filter may be delivered to a desired location within an
artery by means of a guide wire and a delivery sheath. The
filter can be rotatably attached to the guide wire by the
proximal collar of the strut assembly. The distal collar of the
strut assembly slides axially over the guide wire and 1s also
rotatable on the guide wire as well. This allows the strut
assembly to move between 1ts collapsed and expanded
positions while still allowing the filter to freely rotate or
“spin” about the guide wire. The attachment of the proximal
collar of the strut assembly to the guide wire allows the
restraining sheath to be retracted from the filter and permits
a recovery sheath to be placed over the expanded strut
assembly to move the strut assembly back to the collapsed
position when the embolic protection device 1s to be
removed from the patient’s vasculature.

Other features and advantages of the present invention
will become more apparent from the following detailed
description of the invention, when taken 1in conjunction with

the accompanying exemplary drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an elevational view, partially 1n cross section, of
an embolic protection device embodying features of the
present invention showing the expandable filter 1n its col-
lapsed position within a restraining sheath and disposed
within a vessel;

FIG. 2 1s an elevational view, partially 1n cross section,
similar to that shown 1n FIG. 1, wherein the expandable filter
1s 1n 1ts expanded position within the vessel;

FIG. 3 1s a perspective view of the strut assembly which
forms part of the filter of the present invention as shown in
its expanded position;

FIG. 4 1s a perspective view of a filter element embodying
features of the present 1ntention;

FIG. § 1s a perspective view of another filter element
embodying features of the present imvention;

FIG. 6 1s an elevational view, partially in cross section, of
the proximal end of the expandable strut assembly of FIG.
2 as 1t 1s rotatably attached to the guide wire; and

FIG. 7 1s an elevational view, partially in section and
fragmented, showing the distal end of the filtering assembly
of FIG. 2 as 1t 1s slidably mounted on the guide wire.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The filter of the present mvention i1s described as being,
used 1n conjunction with a balloon angioplasty procedure.
The filter, however, 1s not imntended to be limited to use with
balloon angioplasty procedures, rather 1t may be used 1n any
interventional procedure where 1t 1s 1mportant to trap and
remove fine particles of embolic material.

Referring now to FIG. 1, a guiding catheter 10 has been
percutancously introduced into a patient’s vascular system
by means of a conventional Seldinger technique and
advanced through a lumen 12 of an arterial vessel 14, to a
position proximal of an arterial lesion 16. A delivery sheath
18, which has been previously loaded with an embol1 filter
20 m accordance with the present mvention, and a guide
wire 26, have been advanced to a point where the filter 1s
positioned distal of the arterial lesion. The filter 20 1s shown
in 1ts collapsed or low profile position and includes a
filtering element 22 and an expandable strut assembly 24.
The filter 1s rotatably mounted on the distal end of a guide
wire 26. Upon positioning the filter distal of the lesion, the
delivery sheath 1s retracted, thereby deploying the filter

within the lumen of the arterial vessel. The deployed filter 1s
depicted 1n FIG. 2.

Referring now to FIG. 2, subsequent to deployment, the
delivery sheath 18 1s withdrawn from the guiding catheter 10
and a balloon dilatation catheter 28 having an inflation
balloon 30 1s advanced over the guide wire 26 to a position
across the lesion 16. Once 1n position across the lesion, the
balloon 1s expanded with radiopaque fluid at high pressure,
thereby radially expanding or dilating the arterial lesion.
Upon dilation, the hard calcified atherosclerotic plaque
which forms the lesion may crack and form embolic par-
ficles or emboli 32. The embol1 flowing downstream of the
dilated lesion are captured by the filtering element 22 of the
filter 20. Once the angiloplasty procedure 1s complete, the
balloon catheter 1s removed and may, as determined by the
treating physician, be followed by a stent-delivery catheter
(not shown) for placement of a stent across the dilated
lesion. The stent placement procedure may also form embo-
lic particles which would be captured by the filter. Once the
angioplasty and/or stenting procedure 1s completed a retrac-
tion sheath (not shown) is introduced into the guiding
catheter and advanced to a point distal of the lesion and
proximal of the filter. The filter 1s subsequently withdrawn
into the retraction sheath and the sheath, filter, guide wire,
and embolic debris captured by the filter are withdrawn from
the patient.

Referring now to FIGS. 1-4, the expandable strut assem-
bly of the filter possesses spring-like or self expanding
properties and can move from a compressed or collapsed
position as shown i FIG. 1 to an expanded or deployed
position shown 1n FIG. 2. With particular reference to FIG.
3, the strut assembly includes an elongated cylindrical center
portion 34 and proximal and distal end portions 36 and 38
which are shaped as truncated cones, terminating at proxi-
mal and distal, hollow, cylindrical, guide wire collars 40 and
42. Starting from the proximal collar 40, the strut assembly
comprises a plurality of individual struts 44 which taper
upward to form the proximal truncated cone portion 36 of
the of the strut assembly. The struts 44 continue, extending
longitudinally, to form the elongated, straight, center portion
34 of the strut assembly. The struts then taper downward
forming the distal truncated cone portion 38 of the strut
assembly and terminate at the distal collar. While the figures
show only four individual struts, the invention 1s not limited
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6

to this configuration as strut assemblies containing six or
cight or more struts are practical.

The strut assembly 24 may be produced by several
methods including electro-discharge machining and chemi-
cal etching. However, the preferred method 1s to laser
machine a thin-walled tubular member, such as a hypotube.
In this procedure, a computer controlled laser cuts away
portions of the hypotube following a pre-programmed tem-
plate to form the desired strut pattern. Methods and equip-
ment for laser machining small diameter tubing are well
known 1n the prior art.

The tubing used to make the strut assembly may be made
of any bio-compatible spring steel or shape memory alloy.
The 300 series stainless steel alloys are well suited to this
application with type 316L stainless steel per ASTM F138-
92 or ASTM F139-92 grade 2 being preferred. Of the shape
memory or super-clastic alloys, Nitinol a 55% nickel-45%
titanium alloy 1s preferred. Other shape memory alloys such
as Ni—T1i—X (X being V, Co, Cu, Fe¢) ternary alloys,
Cu—AIl—NI1 ternary alloys and Cu—Zn—Al ternary alloys
are also suitable.

Typically, suitably sized tubing for making the strut
assembly 24 will have an outer diameter on the order of
about 0.020-0.040 1nches, with a wall thickness of about
0.003—0.006 1inches. However, tubing size will vary depend-
ing upon the application. It 1s preferred that the strut
assembly be machined from seamless tubing. However,
tubing formed by rolling tlat, sheet stock 1nto a cylinder with
welded longitudinal edges 1s also suitable as 1s rolled sheet
stock which has been drawn through a circular die.

Referring now to FIG. 5, in one embodiment, the filtering,
clement 22 has a body 53 formed as a truncated cone which
includes an 1nlet face 50, an outlet face 51 and a through
bore 52 for the guide wire 26. The body can be formed from
a compressible, porous polymer foam, such as thermally
reticulated polyurethane foam. Open cell foam materials are
porous and provide a plurality of complex passageways
which may be utilized to capture embolic particles. Other
bio-compatible polymer materials which may be foamed,
such as polyester, are also suitable. The filter element body
may have a top layer 54, an intermediate layer 55 and a final
filtration layer 56, where each succeeding foam layer has a
mean pore size smaller than that of the preceding layer.

In one embodiment, the top or initial filtering layer 54 has
a filter media density which results in a mean pore size of
about 1000 microns for coarse filtering of large embolic
particles. Layer 54 1s the thickest layer and presents the least
resistance to blood tlow. The intermediate layer 535 can have
a filter media density which results in about 500 microns and
1s proportionately less thick than the preceding layer 54.
Layer 54 1s capable of removing most emboli large enough
to pose a threat to the patient. The last filtration layer 56 has
a filter media density which results 1n a mean pore size of
about 100 microns. This final layer serves to filter out very
fine embolic particles that may have passed through the
previous layers and 1s comparatively thin so as not to unduly
restrict blood flow through the filter. This thickness of the
various layers can be varied to suit the needs of individual
device performance requirements. While three filtration lay-
ers are 1llustrated 1n FIG. §, the actual number of layers may
vary depending upon the intended application. In some
applications, the filter body 53 may consist of a single layer
with a uniform mean pore size. In certain, specialized
applications, the number of filter layers may exceed three.
Hence, the above example 1s meant to exemplary only.

Referring now to FIG. 4, in another embodiment, the filter
clement 22 may comprise a felt made of bio-compatible
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synthetic fibers. Suitable fiber materials are polypropylene
and polyester. Many other bio-compatible polymers such as,
polyamide, polyethylene, PTFE, and polyolefin are also
suitable. The filter element 22 may comprise a single felt
layer having an inlet surface 50 and an outlet surface 51 or
the filter element 22 may comprise a top felt layer, a bottom
felt layer, and a plurality of layers therebetween. Like an
open cell foam material, felt also provides a system of
complex pathways which act to filter particulate matter 1n a
patient’s blood. Felts may be obtained 1n a wide range of
densities. Felts composed of about 1 to 3 denier fiber having
a welght of about 8 to 10 ounces per square yard are
approximately equivalent to foams with a mean pore size of
about 50 to 200 microns. Felts within this range are well
suited for use as the filter element 22 of the present 1nven-
tion. Therefore, a filter constructed of multiple felt layers
similar to the foam f{ilter described above, may also have
layers of varying porosity, where the lower layers are of finer
porosity than the upper layers. Filter elements made in
accordance with the present invention can be made from
material as which approximate materials used in arterial
blood filters or cardiotomy {ilters for bypass surgery.

An advantage of both felt and porous foam filter elements
1s that embolic particles are trapped within the fibers 1n the
case of felts and within the pores 1n the case of foams. Once
trapped there 1s little risk of the particles escaping the fibers
or pores upon withdrawal of the filter.

If desired, a filter element 22 1n accordance with the
present invention could capture extremely fine embolic
debris. For example, bypass filters capable of filtering embo-
lic mm the 20-100 micron range could be utilized. However,
it 1s believed that embolic particles smaller than about 150
microns are unlikely to occlude or partially occlude a blood
vessel branching from a critical artery, such as the carotid
arteries. Thus, the presently preferred lower limit for the
mean pore size of either the foam or felted filter element 1s
about 100 microns. Other considerations also effect the
mean pore size. Small pores result 1n reduced blood flow
downstream of the filter. Low blood flow could result in
ischemia with adverse effects on the patient. This situation
1s particularly critical in the carotid arteries where blood
starvation may lead to oxygen deprivation 1n the patient’s
brain, a highly undesirable condition. Thus, the filter pore
size should be chosen with regard to the intended applica-
tion. For example, 1n the coronary arteries where the risk of
stroke 1s lower than 1n the carotid arteries 1t may be desirable
to use a lower limit pore size larger than 100 microns to

improve blood flow through the filter.

The filter element 22 may be attached to the strut assem-
bly 24 by any known method, such as adhesive bonding. The
adhesive may be a thermoplastic adhesive and preferably a
thermoplastic fluoropolymer adhesive such as fluorinated
ethylene propylene (“FEP”).

Referring now to FIGS. 1-2 and 6-7, the filter 20 1s
rotatably secured to a shait member such as the guide wire
26 as follows. The filter 1s slid onto the guide wire with the
ouide wire sliding within the proximal and distal collars 40
and 42. The proximal collar 40 of the expandable strut
assembly 24 1s mounted between a tapered fitting 60 located
proximal of the collar 40 and a radiopaque marker band 62
located distal of the collar 40. The tapered end fitting 60 and
marker band 62 fix the proximal collar 40 onto the guide
wire to prevent any longitudinal motion of the proximal
collar along the guide wire but allow for rotation of the
proximal collar and of the filter 20 about the guide wire. This
particular construction allows the expandable strut assembly
to rotate or “spin” freely about the guide wire while allowing
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the strut assembly to move longitudinally along the guide
wire at the distal collar 42. The above example 1s merely
illustrative of one method of rotatably attaching the filter 20
to the guide wire. Other ways of performing this same
function can be employed with the present invention.

By rotatably mounting the filter 20 to the guide wire 1n the
manner described, the filter will lengthen longitudinally with
the distal collar 42 slhiding along the guide wire when the
strut assembly 1s compressed for insertion 1nto the delivery

sheath 18. Likewise, the filter will contract longitudinally
while its expands radially upon release from the delivery
sheath and deployment within the vessel lumen 12. An
advantage of rotatably mounting the filter on the guide wire
1s that the filter will remain stationary should the guide wire
be rotated at its proximal end after the filter has been
deployed within the patient’s vasculature. If the filter were
to rotate after deployment, damage to the vessel lumen may
OCCUL.

With reference to FIGS. 1 and 2, after the filter 20 has
been attached to the guide wire 26, the filter may be prepared
for use by threading the proximal end of the guide wire
through the distal end of the delivery sheath 18 and subse-
quently compressing and sliding the filter into the sheath.
This manner of loading the filter i1s referred to as back-
loading. The filter may be front-loaded into the sheath by
threading the distal end of the guide wire and the filter
through the proximal end of the delivery sheath, however,
the delivery sheath i1s typically about 135 c¢cm long and
forcing the filter to travel the full length of the sheath may
tear or otherwise damage the filter element 22. Thus, back-
loading 1s the preferred procedure. After loading, the deliv-
ery sheath 1s advanced through the pre-positioned guiding
catheter 10 to a point distal of lesion 16. The f{ilter is
deployed by stmply pushing it out of the sheath by means of
the guide wire. After deployment from the sheath, the
spring-like strut assembly 24 expands against the lumen wall
12, forcing blood to be strained through the filter. At this
point, the filter 1s fully functional and the desired interven-
tional procedure may be performed.

After the interventional procedure 1s completed and any
assoclated equipment removed, the filter 20 may be with-
drawn as follows. A recovery sheath (not shown) is
advanced through the guiding catheter 10 to a point just
proximal of the filter. Generally, this recovery sheath has a
slightly larger inner diameter than the delivery sheath 18
since the struts 44 are now deployed and the recovery sheath
may require increased hoop strength at its distal end to
properly move the strut assembly 24 back 1nto its collapsed
position. Compression of the expandable strut assembly can
be accomplished by holding the guide wire 26 and moving
the proximal end of the recovery sheath forward which will
move the distal end of the sheath over the struts.
Alternatively, the recovery sheath can be held stationary
while the proximal end of the guide wire 1s retracted to pull
the filter assembly 1nto the sheath. Upon collapse of the filter
assembly, any embolic debris generated and entering the
bloodstream during the interventional procedure will remain
trapped mside the filtering element 22 and will be withdrawn
from the bloodstream when the filter 1s removed from the
patient’s vasculature.

It should be appreciated that other mechanical devices can
be utilized 1n deploying the filtering element made 1n
accordance with the present invention. For example, the
strut assembly could be made with individual struts which
are operable between a collapsed and retracted position by
manipulation of the proximal end of the guide wire onto
which the assembly 1s mounted. In this embodiment, rather
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than utilizing self-expanding material as described above, a
non-self-expanding material can be utilized. This mecha-
nism can be manually operated by a physician to open and
close the struts of an assembly similar to the one shown in
FIGS. 1-3. For example, the proximal collar 40 of the strut
assembly shown 1n FIG. 1 could be attached to a tubular
member which extends coaxially over the guide wire 26 to
a position outside of the patient. The distal collar 42 would
be permanently attached to the guide wire. Of course, the
tapered end fitting 60 and marker band 62 would have to be
removed 1n such an embodiment to allow the proximal collar
40 to move axially along the guide wire 26 to move the struts
between the expanded and collapsed positions. The physi-
cian would move the proximal ends of the guide wire and the
outer tubular member relative to one another 1n order to push
the struts to the expanded or collapsed position, thus opening
and closing the filtering element within the patient’s vascu-
lature. This 1s but one example of the mechanical assembly
which could be utilized 1n conjunction with a filtering device
of the present invention in order to possibly deploy the filter
within the patient’s vasculature. To those skilled in the art,
other mechanical devices could be utilized to deploy the
filtering element within the patient’s vasculature without

departing from the spirit and scope of the present invention.

It will be appreciated that a new intravascular filter for
capturing embolic particles formed during an angioplasty or
other interventional procedure has been presented. The filter
1s capable of capturing fine embolic particles, thereby
improving the safety of these procedures particularly when
they are employed 1n critical arteries such as the carotid
arterics. While only the presently preferred embodiments
have been described 1n detail, as will be apparent to those
skilled in the art, modifications and improvements may be
made to the device and method disclosed herein without
departing from the scope of the invention. Accordingly, it 1s
not intended that the mvention be limited, except as by the
appended claims.

What 1s claimed 1s:

1. A filter device for capturing embolic particles released
into a body lumen of a patient, comprising:

an expandable strut assembly, the expandable strut assem-
bly having a plurality of expandable struts adapted to
move between a collapsed position and an expanded
position;

a filtering element having an inlet face and an outlet face

and including a plurality of layers of depth filter
material for capturing embolic particles;

the filtering element being attached to the expandable
strut assembly and being movable with the struts to
expand and contact the wall of the body lumen, wherein
blood tlows through the filtering element to trap embo-
lic particles released 1n the body lumen.
2. The filter device of claim 1, wherein the expandable
strut assembly comprises:

a proximal hollow cylindrical collar;
a distal hollow cylindrical collar; and

wherein the struts are joined to the proximal collar and

taper radially outwardly from the proximal collar to

from a proximal truncated cone section and continue

longitudinally to form an elongated cylindrical section
and taper radially mmwardly to jomn the distal collar
forming a distal truncated cone section.

3. The filter device of claim 2, further comprising:

a rotatable shaft member having a proximal end and a
distal end; and

wherein the proximal collar of the expandable strut
assembly 1s rotatably affixed to the shaft member and
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the distal collar 1s movable longitudinally along the
shaft member.

4. The filter device of claim 3, wherein:

the proximal collar 1s mounted between a pair of stop
clements which prevent longitudinal movement of the
proximal collar relative to the shaft member while
permitting the filtering assembly to be rotatable on the
shaft member.

S. The filter device of claim 4, wherein:

at least one of the stop elements 1s made from a radio-
paque material.
6. The filter device of claim 2, wherein:

the strut assembly 1s made from a segment of tubing,
portions of which are selectively removed to form each
of the struts of the assembly.

7. The filter device of claim 1, wherein:

the expandable struts are self-expanding.
8. The filter device of claim 1, wherein:

the depth filter material 1s an open cell, porous polymer
foam.
9. The filter device of claim 1, wherein:

the layers of depth filtering material are open cell foam,
cach layer of open cell foam having a different filter
density.

10. The filter device of claim 1, wherein:

the filtering element includes a top layer and a bottom
layer with a plurality of layers of depth filters
therebetween, each subsequent lower layer having a
filter density greater than the adjacent upper layer.
11. The filter device of claim 1, wherein:

the depth filter material 1s formed from a material selected
from the group consisting of polyurethane, polyester,
PTFE, and polyethylene.

12. The filter device of claim 1, wherein:

the depth filter material 1s formed from a felted polymer
material.
13. The filter device of claim 12, wherein:

the felted material 1s made from about 1 denier to about
3 denier polymer fibers.
14. The filter device of claim 12, wherein:

the felted material has a density of about 8 ounces per
square yard.
15. The filter device of claim 1, wherein:

the depth filter material 1s felt from an adjacent layer,
where each layer of felt has a different density.
16. The filter device of claim 15, wherein:

the filter element 1ncludes a top felt layer and a bottom felt
layer with a plurality of felt layers therebetween, each
subsequent lower felt layer having a density greater
than the adjacent upper layer.

17. The filter device of claim 16, wherein:

the filter element 1s made from a material selected from
the group consisting of polyurethane, polyester, PTFE,
and polyethylene.

18. The filter device of claim 1, wherein:

at least one layer of depth filter material has a different
filter density than the other layers of depth filter mate-
rial.

19. The filter device of claim 18, wherein:

the layers of the depth filter material are aligned adjacent
to each other to form a composite filtering element
having arcas with different filtering densities for filter-
ing different sizes of embolic particles.
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20. The filter device of claim 18, wherein:

the layers of the depth filter material are aligned behind
cach other 1n a longitudinal direction to form a com-
posite filtering element having areas with different
filtering densities for filtering different sizes of embolic
particles.

21. The filter device of claim 1, wherein:

cach layer of depth material 1s formed from filtering

media creating a multiplicity of meandering passage-

ways of particular pore size through which an embolic

particle of smaller size must pass through in order to
bypass the particular depth filter layer.

22. Afilter device for capturing embolic particles released
into a body lumen of a patient, comprising;:

an 1nner shaft member having a proximal end and a distal
end;

an expandable strut assembly having a proximal collar
and a distal collar and a plurality of expandable struts
connected therebetween, one of the collars being
attached to the inner shaft member;

a filtering element having an inlet face and an outlet face
and having a plurality of layers for capturing embolic
material; and

the filtering element being attached to the expandable
strut assembly and being movable with the struts to
expand to contact the wall of the body lumen, wherein
blood flows through the filtering element and any
embolic debris entrained 1n the blood 1s captured by the
filter.

23. The filter device of claim 22, wherein:

the expandable struts of the strut assembly are adapted to
move between a collapsed position and an expanded
position.

24. The filter device of claim 22, wherein:

the proximal collar of the expandable strut assembly 1s
rotatably affixed to the shaft member and the distal
collar 1s rotatable and movable longitudinally along the
shaft member.

25. The filter device of claim 22, further including:

an outer tubular member connected to the proximal collar
wherein relative motion between the outer tubular
member and the inner shait member creates an axial
force for moving the expandable struts between the

collapsed and expanded positions.
26. The filter device of claim 22, wherein:

the proximal collar 1s mounted between a pair of stop
clements for preventing longitudinal movement of the
proximal collar relative to the inner shaft member while
permitting the filtering assembly to be rotatable on the
inner shalt member.

27. The filter device of claim 26, wherein:

at least one of the stop elements 1s made from a radio-
paque material.
28. The filter device of claim 22, wherein:

at least one layer for capturing embolic material has a
different filter density than the other layers for captur-
ing embolic material.

29. The filter device of claim 28, wherein:

the layers for capturing embolic material are aligned
adjacent to each other to form a composite filtering,
clement having arcas with different filtering densities

for filtering different sizes of embolic material.
30. The filter device of claim 28, wherein:

the layers for filtering embolic material are aligned behind
cach other 1n a longitudinal direction to form a com-
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posite filtering element having areas with different
filtering densities for filtering different sizes of embolic
material.

31. The filter device of claim 22, wherein:

cach layer of depth material 1s formed from filtering
media creating a multiplicity of meandering passage-
ways of particular pore size through which an embolic
particle of smaller size must pass through in order to
bypass the particular depth filter layer.

32. A filter device for capturing embolic materials

released into a body lumen of a patient, comprising:

an 1inner shaft member having a proximal end and a distal
end;

a filtering element having an inlet space and an outlet
space and a plurality of layers of depth filter material
for capturing embolic material, each layer of depth
material being formed from filtering media which cre-
ates a multiplicity of meandering passageways of par-
ticular pore size through which an embolic particle of
smaller size must pass through 1n order to bypass the
particular depth filter layer; and

means attached near the distal end of the inner shaft
member and the filtering element to open the inlet
space within the body lumen.

33. The filter device of claim 32, wherein:

the layers of depth filtering material are open cell foam,
cach layer of open cell foam having a different filter
density.

34. The filter device of claim 32, wherein:

the depth filter 1s an open cell, porous polymer foam.
35. The filter device of claim 32, wherein:

the depth filter material 1s formed from a material selected
from the group consisting of polyurethane, polyester,
PTFE, and polyethylene.

36. The filter device of claim 32, wheren:

the depth filter material 1s formed from a felted polymer
material.
37. The filter device of claim 32, wherein:

the filtering element includes a top layer and bottom layer
of depth filtering material with a plurality of layers of
depth filters therebetween, each subsequent lower layer

having a filter density greater than the adjacent upper

layer, the top layer being located at the inlet space of

the filtering element.

38. The filter device of claim 28, wherein:

at least one layer of depth filter material has a different
filter density than the other layers of depth filter mate-
rial.

39. The filter device of claim 38, wherein:

the layers of the depth filter material are aligned adjacent
to each other to form a composite filtering element
having arcas with different filtering densities for filter-
ing different sizes of embolic particles.

40. The filter device of claim 38, wherein:

the layers of the depth filter material are aligned behind
cach other 1n a longitudinal direction to form a com-
posite {filtering element having areas with different
filtering densities for filtering different sizes of embolic
particles.

41. A filter device for capturing embolic particles released

into a body lumen of a patient, comprising;:

a shaft member;

an expandable strut assembly having a proximal collar
and a plurality of expandable struts connected thereto,
the proximal collar being mounted between a pair of
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stop elements located on the shaft member which
prevent longitudinal movement of the proximal collar
on the shaft member while permitting the expandable
strut assembly to be rotatable on the shaft member; and

a filtering element having a first filter and a second filter
for capturing embolic particles, the filtering element
being attached to the expandable strut assembly and
movable with the struts to expand with the body lumen,
wherein body fluid which may have embolic particles
entrained therein tlows 1nitially through the first filter
and subsequently through the second filter for filtering
at least some of the embolic particles present in the
body fluid.

42. The filter device of claim 41, wherein:

the first filter has a different filter density than the second
filter.
43. The filter device of claim 42, wherein:

the first filter 1s aligned adjacent to the second filter to
form a composite filtering element having areas with
different filtering densities for filtering ditferent sizes of
embolic particles.

44. The filter device of claim 41, wherein:

the second filter 1s aligned behind the first filter 1n a
longitudinal direction to form the composite filtering
clement having arcas with different filtering densities

for filtering different sizes of embolic particles.
45. The filter device of claim 42, wherein:

the filtering element includes another filter disposed
between the first filter and the second filter which has
a different filter density than the first filter and the
second filter.
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46. The filter device of claim 42, wherein:

the second filter has a filter density greater than the first
filter.

47. The filter device of claim 41, wherein:

the expandable struts are self-expanding.
48. The filter device of claim 41, wherein:

at least one of the stop elements 1s made from a radio-
paque material.

49. The filter device of claim 41, wherein:

the shaft member 1s a guide wire.
50. The filter device of claim 41, wherein:

the first filter and the second filter are depth filters.
51. The filter device of claim 50, wherein the depth filters

are made from an open cell, porous polymer foam.

52. The filter device of claim 50, wherein:

the first filter has a different filter density than the second
filter.

S53. The filter device of claim 50, wherein:

cach layer of depth material 1s formed from filtering
media creating a multiplicity of meandering passage-
ways of particular pore size through which an embolic

particle of smaller size must pass through in order to
bypass the particular depth filter layer.
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